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REMARKS/ARGUMENTS 

With this amendment, claims 1, 20, 24-25, 28-31, and 33-34 are pending. Claims 

2-19, 21-23, 26-27, and 32 are canceled without prejudice. For convenience, the Examiner's 
rejections are addressed in the order presented in a January 9, 2008, Office Action 

I. Status of the claims 

Claim 1 is amended to recite specific CCR5 mutations, i.e., a 32 basepair deletion 
in the coding region of the CCR5 gene or a CCR5m303 mutant. Support for this amendment is 
found throughout the specification, for example, at paragraphs 16 and 41 and original claims 15 
and 16. Claim 1 is also amended to correct a typographical error. These amendments add no 
new matter. 

II. Rejections under 35 U.S.C. §112, first paragraph, enablement 

Claims 1, 15-17, 20, 24-25, 27-31, and 33-34 are rejected because, in order to 
practice the claimed invention, one of skill would allegedly be required to perform "undue 
experimentation." To the extent the rejection applies to the amended claims, Applicants 
respectfully traverse the rejection. To make its determination on enablement, the Office Action 
analyzed a number of the Wands factors. Applicants respond to each of the cited factors, in turn, 
below. 

A. Nature of the invention 

The amended claims are directed to a method of treating HIV infection in a 
human, wherein HIV entry into an immune cell is facilitated by a CCR5 receptor. The human is 
transplanted with a stem cell-rich population of cells from a human donor, i.e., umbilical cord 
blood. The stem cell-rich population of cells has a beneficial gene that is a homozygous 
polymorphism in a CCR5 gene and the encoded CCR5 receptor is unable to facilitate HIV entry 
into the immune cell. The CCR5 receptor polymorphism is selected from a 32 basepair deletion 
in the coding region of the CCR5 gene or a CCR5m303 mutant. 
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B. Breadth of the claims 

The amended claims are directed to treating HIV in a human patient by 
transplantation of cord blood cells that have on e of three specific homozygous mutations in the 
CCR5 gene: a CCR5 delta 32 mutation, a CCR5m303 mutation, and a CCR5R60S mutation. 
With regard to the stage of HIV infection at the time of treatment, Applicants submit Exhibit F, a 
declaration from Dr. John Zaia, that addresses this objection. Detailed analysis is below.. 
Applicants, therefore, assert that those of skill can practice the claimed invention without undue 
burden. 

C. Guidance of the specification and the existence of working examples 

The Office Action has apparently raised this issue because the application does 
not include a working example. In response, Applicants direct the Examiner to MPEP 2164.02, 
which states 

Compliance with the enablement requirement of 35 U.S.C. 112, 
first paragraph, does not turn on whether an example is disclosed. 
An example may be "working" or "prophetic." A working example 
is based on work actually performed. A prophetic example 
describes an embodiment of the invention based on predicted 
results rather than work actually conducted or results actually 
achieved. 

Applicants respectfully remind the examiner that actual reduction to practice 
before filing is not required. MPEP 2164.02, citing Gould v. Quigg, 3 USPQ 2d 1302, 1304 
(Fed. Cir. 1987). "The specification need not contain an example if the invention is otherwise 
disclosed in such manner that one skilled in the art will be able to practice it without an undue 
amount of experimentation." In reBorkowski, 164 USPQ 642, 645 (CCPA 1970). 

Applicants assert that the examples in the specification and other disclosure in the 
specification provide ample guidance for those of skill to practice the claimed invention without 
undue experimentation. For example, at paragraph 14 the specification discloses treating an HIV 
infection by transplanting stem cells with a beneficial gene into a patient with an HIV infection 
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and further states that a beneficial gene reduces the ability of HIV to infect an immune cell. 
Beneficial gene is further defined a t paragraph 16 to include a A32CCR5 mutation and a 
CCRm303 mutation. Transplantation of stem cells into a patient is described at paragraph 54. 
Both examples describe how to perform the claimed methods. Example 1 discuses screening 
donors for the desired beneficial mutation and that "cells are transplanted according to standard 
stem cell transplantation protocols." Example 2 discloses screening for a particular mutation, the 
A32CCR5 mutation, and using those cells to transplant a patient infected with HIV. 

According to declarant, Dr. John Zaia, and as discussed in more detail below, this 
specification and the knowledge or hematopoietic stem cell transplantation in the art at the time 
of filing is sufficient to allow those of skill to practice the invention. 

Therefore, based on the knowledge of those of skill at the time of filing and the 
disclosure in the specification, adequate guidance was available to allow those of skill to practice 
the invention. 

D. State of the art and predictability of the art 

The Office Action alleges that those of skill could not predictably practice the 
claimed methods based on the information in the specification. To support this allegation, the 
Office Action cites a variety of references, each of which are discussed in turn, below. As part 
of the response, Applicants provide, as Exhibit F, a declaration of Dr. John Zaia, in support of 
enablement. 

The Office Action alleges that the existence of HIV- 1 strains that use co-receptors 
other than CCR5 makes it likely that those of skill will be required perform a large number of 
experiments before being able to practice the claimed methods. Office Action at page 7. The 
Office Action indicates that the state of the art recognizes that a CCR5A32 homozygous 
mutation confers resistance to HIV infection to an individual. Office Action at page 6. But the 
Office Action argues that some HIV strains use co-receptors other than CCR5 for entry into 
immune cells, that some HIV strains categorized as M-tropic are able to enter cells using the 
CXCR4 co-receptor, and that individuals with naturally occurring a CCR5A32 homozygous 
mutations have acquired HIV strains that use the CXCR4 co-receptor for cell entry. The Office 
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Action bases these findings on the following references: Kaur et al, Human Immunol. 68:454- 
461 (2007); Arenzana-Seisdedos et al Sem. Immunol. 18:387-403 (2006); Naif et al, J. Virol. 
76:31 14-3124 (2002); Gorry et al, J. Virol. 75:10073-10089 (2001); and Sheppard et al, J. Acq. 
Imm. Def. Syn. 29:307-313 (2002). The Office Action concludes that, because co-receptors other 
than CCR5 can be used by some HIV strains to enter cells, those of skill will be forced to 
perform an unreasonable number of experiments to determine the appropriate number of 
transplanted cells needed to benefit a patient. 

Applicants submit a declaration from Dr. John Zaia to address this rejection. 
According to Dr. Zaia, most HIV strains use the CCR5 receptor for cellular entry. Also 
according to Dr. Zaia, cell that lack a functional CCR5 receptor are less susceptible to HIV 
infection, even by HIV strains that are not able to use the CCR5 receptor for entry. Dr. Zaia also 
points out that support for this position is found in Arenzana-Seisdedos et al, a reference cited 
by the Office Action. See, e.g. , declaration at paragraph 7. 

Dr. Zaia also discusses that even when CCR5" A individuals were infected after 
repeated exposure to the HIV virus, the infection progressed more slowly, with onset of AIDS 
much later than that of CCR5 +/+ individuals. Dr. Zaia also points out that Sheppard et al, cited 
by the Examiner, provides examples of the delayed progression to AIDS in CCR5-/- patients. 
Sheppard et al. at page 312, right column, discloses that the CXCR4 virus acquired by CCR5-/- 
individuals, produces less viremia and could have modified pathogenicity. Dr. Zaia asserts that 
transplantation of CCR5 -/- cells into an HIV patient is likely to have a beneficial effect even if 
the patient is later infected by a different HIV strain because evolution of the virus to overcome 
the deficiency in entry into CCR5 -/- cells typically leads the virus to become less replication 
competent. 

The Office Action also cited Kaur et al. as allegedly demonstrating that a 
particular CCR5 allele, CCR5*59402a, "might favor the acquisition of HIV-1 infection and 
development of AIDS" leading to unpredictability of HIV treatment in certain races of people. 
Office Action at page 6. Without addressing the appropriateness of the interpretation of the 
Office Action and in order to expedite prosecution, Applicants have amended the claims to recite 
particular CCR5 alleles, i.e., CCR5 delta 32 mutation, a CCR5m303 mutation, and a CCR5R60S 
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mutation. Applicants believe that this amendment addresses concerns regarding treatment of 
different races. 

The Office Action asserts that ex vivo culture of umbilical cord blood cells is 
required to practice the claimed invention and that ex vivo culture of umbilical cord blood cells 
is not routine. Office Action at page 7. According to Dr. Zaia at paragraph 9 of the declaration, 
ex vivo culture of umbilical cord blood cells is not required to permit those of skill to transplant 
umbilical cord cells into a patient infected with HIV. Further according to Dr. Zaia, umbilical 
cord blood transplants are typically performed using uncultured umbilical cord blood cells and 
modification is not required to practice the claimed methods. Moreover, thousands of cord blood 
transplants have been performed and the methodology is standardized. 

Citing Grewel et al, the Office Action asserts that the a minimum threshold of 1 .5 
X 10 7 nucleated cells/kg or 1.7 XI 0 5 CD34 cells/kg is necessary for a successful cord blood 
transplant. The Office Action also asserts that the specification fails to provide a nexus between 
transplanting any dose of nucleated or CD34 positive cells to treatment of HIV infection. Office 
Action at pages 7-8. Dr. Zaia reviewed the specification and disagreed, finding support for the 
claimed methods in the specification at paragraph 66. Dr. Zaia also pointed out that umbilical 
cord transplants have been performed since 1988, and that standard methods of cord blood 
transplantation are well-known and are disclosed in textbooks, such as He Broxmeyer and FO 
Smith, Chapter 43 Cord Blood Hematopoietic Cell Transplantation, in KG Blume, SJ Forman, 
and FR Appelbaum (eds), Thomas' Hematopoietic Cell Transplantation, 3 rd Edition, Blackwell 
Publishing Ltd, Oxford UK, 2004. Dr. Zaia concludes that, based on information in the 
specification and the art at the time of filing, those of skill would be able to perform the claimed 
methods with, at most, routine experimentation. See, i.e., declaration at paragraph 10. 

Dr. Zaia points out that the e specification discloses transplantation of CCR5 
homozygous mutations to treat HIV infection, at e.g., paragraphs 23, 71, and 75-79. He also 
cites a recent report from Hutter et al. (submitted as Exhibit H) that confirms the therapeutic 
benefit of transplantation of CCR5 homozygous mutations to treat HIV infection, as disclosed in 
the specification. Hutter et al. report on a bone marrow transplant performed to treat acute 
myeloid leukemia in a patient infected with HIV-1 . The treating physicians selected a donor 
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with a homozygous CCR5A32 mutation and HLA markers that matched the recipient HIV 
patient. After standard transplantation procedures, elimination of recipient's immune cells and 
transplantation of stem cells, the presence of HIV virus (RNA and DNA) was monitored by 
PCR. Anti-retroviral therapy was stopped on the day of the transplant and was not restarted 
during the study. HIV could not be detected by PCR sixty-eight days after transplant. The PCR 
assay remained negative 285 days after the transplant, indicating that the HIV infection was 
controlled off anti-retroviral therapy. In addition, using the PCR assays, HIV was not detected in 
bone marrow or rectal mucosa, which are reservoirs of the HIV virus. The switch to the 
homozygous CCR5A32 genotype was not associated with an increased risk to the patient during 
the transplant procedure. Transplantation and engraftment were reportedly unremarkable. 
Engraftment occurred on day 13 after transplant and chimerism was complete by day 60. 
According to Dr. Zaia, it is general knowledge that diseases successfully treated by use of adult 
bone marrow transplant have also, when tested, been treated successfully by cord blood 
transplant. See, e.g., Broxmeyer & Smith, supra. Therefore, in Dr. Zaia's opinion, cord blood 
transplantation of homozygous CCR5 mutant cells to treat HIV infection will provide beneficial 
results similar to those reported by Hutter et al. for bone marrow transplantation to treat HIV 
infection. Declaration at paragraph 1 1 . 

Also citing Grewel et al. the Office Action asserts that inadequate guidance is 
provided to allow those of skill to determine the correct cell dose for HLA matched or 
unmatched transplants. Office Action at page 8. Dr. Zaia strongly disagrees with the Office 
Action on this point. According to Dr. Zaia, methods of transplantation of unmatched cord blood 
donor/recipient pairs are well-known in the art and in his opinion, standardized unmatched 
transplantation methods are well-established and modification of these methods of 
transplantation is not required to use umbilical cord blood transplantation to treat HIV-1 
infections. Declaration at paragraph 12. 

The Office Action offers a number of reasons that the claimed transplantation 
methods will not provide benefit to the HIV-infected transplant recipient, i.e., HIV infects and 
destroys CD4 T cells, which are the cells best equipped to inactivate the virus; HIV produces a 
large number of progeny each day; and the mutation rate of HIV makes it likely that the virus 
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would mutate and evolve to adapt around the transplanted immune system. Office Action at 
pages 8, 1 1, and 16. Dr. Zaia disagrees with the conclusion of the Office Action. According to 
Dr. Zaia, an HIV virus that requires CCR5 for cell entry will not be able to enter the transplanted 
immune system cells because the transplanted cells lack an active CCR5 receptor. As occurs in 
allogeneic blood stem cell transplantation, most cells of the patient's own immune system are 
killed by chemotherapy or total body irradiation before the transplant takes place. Any 
remaining patient immune cells are killed by the transplanted immune system in a graft versus 
host disease response after transplant. In Dr. Zaia's opinion, the efficacy of HIV treatment with 
transplantation of CCR5-/- cells will not be diminished by HIV re-infection after transplant. Dr. 
Zaia points out that his opinion is confirmed by the results of Hiitter et al. For example, Hiitter 
et al. were not able to detect HIV-1 load in, e.g., rectal mucosa, typically thought of as a 
reservoir for HIV virus. Declaration at paragraph 13. 

Citing O'Brien et al. and Flores-Villanueva et al, the Office Action alleges that 
certain HLA genotypes affect HIV progression and this must be understood for those of skill to 
practice the claimed invention. For example, the Office Action alleges that carriers of certain 
HLA alleles, HLA-B*35, -Cw*04, develop AIDS more rapidly. Dr. Zaia disagrees. In his 
opinion, the Office Action conflates two separate systems: the HLA system and progression to 
AIDS after infection by the HIV virus, and then engages in a "true, true, but unrelated" type of 
logic. Dr. Zaia does not agree that the HLA alleles discussed in the Office Action have a causal 
relationship with the onset of AIDS after infection by HIV. Therefore, he finds no proposed 
link between HLA genotype and HIV progression must be understood to allow a physician to 
practice the claimed methods. Office Action at paragraph 14. 

Citing Coulombel et al, the Office Action alleges that hematopoietic stem cells 
(HSC) encompass various cell types, that a particular marker is not sufficient to uniquely identify 
a population of HSC's, and that more characterization of the type of hematopoietic cell 
population is required to teach how to practice the invention. Office Action at page 10. Dr. Zaia 
disagrees. In his experience, transplantation of umbilical cord cells does not require 
identification or isolation of a particular subset of hematopoietic stem cells to provide a 
therapeutic benefit. Rather, the robustness of the system is based on the fact that no 
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identification of a particular subset of hematopoietic stem cells is required to achieve treatment 
of HIV infection by transplantation of umbilical cord cells. Declaration at paragraph 15. 

Citing Chao et al, Ballen et al., and Saavedra et al, the Office Action lists 
alleged problems with cord blood transplants in comparison to bone marrow transplants, e.g., 
cord blood transplant results in transplantation of fewer adoptively transferred antigen-specific 
T-cells, the transplanted T cells allegedly have functional defects, and infections are a problem 
during and after cord blood transplant. Office Action at pages 10 and 11. Dr. Zaia disagrees, in 
part because there are supportive measures, primarily blood products and antibiotics, which are 
used to control infections after transplantation.. Dr. Zaia points out that engraftment of the new 
immune cells does occur after umbilical cord transplant and this result has been repeated in tens 
of thousands of patients. In his opinion, even with a delayed engraftment time as compared to 
bone marrow transplant, umbilical cord transplantation will result in engraftment of a new CCR5 
mutant homozygous immune system and treatment of HIV in an appropriate patient. Declaration 
at paragraph 16. 

The results of Hutter et al. demonstrate that the claimed methods do perform as 
described in the specification. Therefore, those of skill would not require undue experimentation 
to practice the claimed invention. 

E. Amount of experimentation necessary 

The Office Action alleges that it is unclear how a mutation in the CCR5 gene 
would provide treatment of HIV generally, because use of the CCR5 co-receptor is allegedly 
crucial only during certain infection stages. Office Action at page 12. Dr. Zaia disagrees 
because, e.g., the CCR5 co-receptor is used for cell entry by the majority of HIV strains and 
infection of a CCR5-/- individual by a CXCR4 HIV strain is a rare event and typically results in 
decreased viremia and increased time to development of AIDS. Declaration at paragraph 17; see 
also paragraphs 7 and 8. 

The Office Action also referred to a particular CCR5 allele, CCR5*59402A. 
Office Action at page 12. Without addressing the appropriateness of the interpretation of the 
Office Action and in order to expedite prosecution, Applicants have amended the claims to recite 
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particular CCR5 alleles, i.e., CCR5 delta 32 mutation, a CCR5m303 mutation, and a CCR5R60S 
mutation. Applicants believe that this amendment addresses concerns regarding treatment of 
different races. 

The Office Action alleges that animal models are required to establish an 
appropriate cell dose and to investigate effect of alleged cord blood transplant deficiencies. 
Office Action at page 13. The Office Action also alleges that empirical testing in an animal 
model is required to determine whether T cells could be repopulated after transplant to replace T 
cells that are lost during HIV infection, particularly since HIV affects multiple organ systems, 
including respiratory, gastrointestinal, and central nervous system. Dr. Zaia disagrees. 
According to Dr. Zaia, the dose of transplanted cord blood cells is based on the weight of the 
recipient patient, i.e., number of cells/kg weight. The dose does not vary greatly because the size 
of human beings does not vary greatly. Exponential differences in the weight of human 
individuals have not been observed. The number of stem cells in a cord blood units from 
different donors also does not vary widely. A typical dose of transplanted cord blood cells to 
repopulate an immune system is one, or at most two, cord blood units. Standard cord blood 
transplantation methods can be used to determine the appropriate number of cells or cord blood 
units to transplant into a particular patient. Typically, the choice is one or two cord blood units. 
Thus, the choices in dosage are limited for the skilled practitioner. Moreover, Dr. Zaia also 
points out that even when protocols for cord blood transplantation are optimized, varied 
conditions are tested in human patients. He finds that animal models are not helpful or required 
to determine optimal conditions for cord blood transplantation into humans, including optimal 
doses or number of transplanted cells. Therefore, Dr. Zaia's opinion, testing in an animal model 
is not required to establish the dosage of umbilical cord cells used to treat a human patient 
infected with HIV. Declaration at paragraph 18. Therefore, based on Dr. Zaia's declaration, only 
a reasonable amount of experimentation is required to practice the claimed invention. 

In summary, the claimed invention is enabled, based on the disclosure of the 
specification and knowledge available to those of skill at the time of filing. 
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III. Rejections under 35 U.S.C. §112, first paragraph, written description 

Claims 1,17, 20, 24-25, 28-31, 33 and 34 are rejected because the specification 
allegedly does not describe the subject matter of the claims in a manner to convey to those of 
skill that the inventors had possession of the invention at the time of filing. Claims 15 and 16 are 
not rejected. In order to expedite prosecution, claim 1 is now amended to recite the limitations 
of claims 15 and 16, i.e., the CCR5 receptor polymorphism is selected from the group consisting 
of a CCR5 delta 32 mutation and a CCR5m303 mutation. In view of this amendments, 
withdrawal of the rejection for alleged lack of written description is respectfully requested. 

IV. Rejections for non-statutory obviousness-type double patenting 

Claims 1, 15-17, 20, 24-25, 27-31, and 33-34 are provisionally rejected for 
alleged obviousness type double patenting in view of co-pending USSN 10/498,450. Applicants 
will file terminal disclaimers to overcome these rejections, if appropriate, when the present 
claims are deemed otherwise allowable. 
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CONCLUSION 



In view of the foregoing, Applicants believe all claims now pending in this 



Application are in condition for allowance. The issuance of a formal Notice of Allowance at an 
early date is respectfully requested. 



If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 206-467-9600. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, Eighth Floor 

San Francisco, California 941 1 1-3834 

Tel: 206-467-9600 

Fax:415-576-0300 

Attachments 

BLK:blk 

61315251 v1 




Respectfully submitted. 
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I hereby certify that this correspondence is being deposited with the United PATENT 
Slates Postal Service as first class mail in an envelope addressed to: Attorney Docket No.: 020035-001 100US 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 „ 
TOWNSEND and TOWNSEND and CREW LLP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Robert Chow et al. 

Application No.: 09/998,832 

Filed: November 29, 2001 

For: STEM CELL SCREENING AND 
TRANSPLANTATION THERAPY FOR 
HIV INFECTION 

Customer No.: 20350 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 

I, John Zaia, being duly warned that willful false statements and the like are 
punishable by fine or imprisonment or both (18 U.S.C. § 1001), and may jeopardize the validity 
of the patent application or any patent issuing thereon, state and declare as follows: 

1 . All statements herein made of my own knowledge are true, and statements 
made on information or belief are believed to be true and correct. 



Confirmation No. 7166 

Examiner: Anoop Kumar Singh 

Technology Center/Art Unit: 1632 

DECLARATION OF DR. JOHN ZAIA 
UNDER 37 C.F.R. 61.132 
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2. I am currently Chairman of the Virology and Infectious Diseases 
Department of the Division of Pediatrics and the City of Hope National Medical Center and have 
held this position since 1980. I am a Professor of in the Department of Pediatrics at City of Hope 
National Medical Center and I am also Chairman of the Division of Virology at the Beckman 
Research Institute, also at City of Hope National Medical Center. I am also Director of the 
General Clinical Research Center of the University of Southern California School of Medicine, 
City of Hope Satellite Unit. I received my medical degree from Harvard University. I received 
additional medical training at St. Louis Children's Hospital and the Virology Division of the 
Center for Disease Control in Atlanta Georgia. I was a fellow in Infectious Diseases at Beth 
Israel Hospital and Children's Hospital Medical Center in Boston MA and a research fellow in 
Infectious Disease at Dana-Farber Cancer Institute in Boston MA. I was an instructor in 
Medicine at Harvard Medical School and a clinical associate at Dana Farber Cancer Institute 
before joining the faculty at City of Hope. A copy of my curriculum vitae is attached hereto as 
Exhibit D. I am an author or co-author on 165 research papers and reviews and I am an author or 
co-author on 123 abstracts. A copy of my curriculum vitae is attached hereto as Exhibit G and 
includes a list of publications and abstracts. 

3 . The present invention is a method of treating a human patient infected by 
a macrophage tropic strain of HIV that requires the CCR5 protein for cell entry, by transplanting 
that human umbilical cord cells that express a non-functional CCR mutation into the human 
patient. The CCR5 mutations are homozygous mutations and selected from the following group: 
CCR5 delta 32 mutation, a CCR5m303 mutation, and a CCR5R60S mutation. 

4. I have read and am familiar with the contents of this patent application. In 
addition, I have read an Office Action and references cited therein, dated January 9, 2008, 
received in the present case. It is my understanding that the Examiner is concerned that undue 
experimentation is required to practice the claimed invention. 
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5. This declaration is provided to demonstrate that the specification teaches 
full use of the claimed methods. In particular, the specification in combination with the 
knowledge in the art at the time of filing provide sufficient guidance to allow one of skill to use 
the claimed methods to transplant CCR5 deficient umbilical cord cells into a human patient to 
treat an infection by a macrophage tropic strain of HIV that requires the CCR5 protein for cell 
entry. In my opinion, in order for one of skill to practice this method, only routine 
experimentation, at most, is required. 

6. The Office Action alleges that the existence of HIV-1 strains that use co- 
receptors other than CCR5 makes it likely that those of skill will be required perform a large 
number of experiments before being able to practice the claimed methods. Office Action at page 
7. The Office Action indicates that the state of the art recognizes that a CCR5A32 homozygous 
mutation confers resistance to HTV infection to an individual. Office Action at page 6. But the 
Office Action argues that some HIV strains use co-receptors other than CCR5 for entry into 
immune cells, that some HTV strains categorized as M-tropic are able to enter cells using the 
CXCR4 co-receptor, and that individuals with naturally occurring a CCR5A32 homozygous 
mutations have acquired HIV strains that use the CXCR4 co-receptor for cell entry. The Office 
Action bases these findings on the following references: Kaur et al, Human Immunol. 68:454- 
461 (2007); Arenzana-Seisdedos et al. Sem. Immunol 18:387-403 (2006); Naif et al., J. Virol. 
76:31 14-3124 (2002); Gorry et al, J. Virol. 75:10073-10089 (2001); and Sheppard et al, J. Acq. 
Imm. Def. Syn. 29:307-3 13 (2002). I have read each of these references. It is my understanding 
that the Office Action concludes that, because co-receptors other than CCR5 can be used by 
some HIV strains to enter cells, those of skill will be forced to perform an unreasonable number 
of experiments to determine the appropriate number of transplanted cells needed to benefit a 
patient. 

7. I disagree with the conclusion of the Office Action. Most HIV strains use 
the CCR5 co-receptor for entry into and infection of a host immune cell. Cells mat do not 
express a functional CCR5 co-receptor are less susceptible to infection by HTV strains, even 
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those HIV strains that do not use the CCR5 co-receptor for cellular entry. Other receptors are 
available for infection with HTV, and therefore CCR5-/- persons can be infected. However, 
CCR5 is the most important of all such co-receptors and remains the most important receptor for 
natural HIV infection. Arenzana-Seisdedos et al. at page 390, right column, discloses the rarity 
of infection by CXCR4 virus and the important role of the CCR5 co-receptor in promoting HIV 
entry and infection. 

The strong protection of homozygotes was confirmed in subsequent 
studies, ... but a few seropositive individuals were reported as 
homozygous for A32, demonstrating that protection is incomplete. In 
some of these cases, the HIV strain was characterized as using 
exclusively CXCR4 as co-receptor. These rare cases of initial 
transmission and propagation ofX4 viruses further underline the 
preponderant role of played by CCR5 and R5 viruses in the initiation 
of HIV infection and the paradox of the inefficient transmission or 
evolution ofX4 viruses despite the constitutive expression ofCXCR4 in 
CD-4-expressing cells and the abundance of these HIV target cells. 
(Emphasis added, citations deleted.) 

No therapeutic treatment is beneficial to 100% of the patient population it is used to treat. 
However, in my opinion, transplantation of a CCR5 -/- immune system will likely benefit a 
majority of patients infected with the HTV-1 virus by reducing the ability of the HIV-1 virus to 
enter cells of the transplanted patient. As noted in item 1 1 below, Hutter et al. have observed in a 
single case report of a matched unrelated CCR5 -/- adult donor of allogeneic blood progenitor 
cells, used for transplantation into an HTV/AIDS patient with leukemia, that there was a 
resultant beneficial outcome in which the recipient became HIV negative by RT-PCR assay and 
was off antiretroviral therapy at one-year post transplant. Hutter et al. is submitted as Exhibit H. 

8. HIV infection of naturally-occurring CCR5-/- individuals has been 
documented and does not follow the timeline of HIV progression to AIDS seen in CCR5+/+ 
individuals. First, as described above, CCR5" 7 " individuals were found to resist infection by HTV, 
even after repeated exposure to the virus. Even when CCR5" / " individuals were infected after 
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repeated exposure to the HIV virus, the infection progressed more slowly, with onset of AIDS 
much later than that of CCR5 +/+ individuals. Sheppard et al., cited by the Examiner, provides 
examples of the delayed progression to AIDS in CCR5-/- patients. Sheppard et al at page 312, 
right column, discloses that the CXCR4 virus acquired by CCR5-/- individuals, produces less 
viremia and could have modified pathogenicity. In fact, mutation to a less-fit virus, in terms of 
replication competency, could have a salutary effect. Therefore, in my opinion, transplantation 
of CCR5-/- umbilical cord cells into an individual infected with HIV can provide therapeutic 
benefit, even if a subsequent HTV infection is caused by an HIV strain that uses the CXCR4 
receptor for cellular entry. 

9. The Office Action asserts that ex vivo culture of umbilical cord blood cells 
is required to practice the claimed invention and that ex vivo culture of umbilical cord blood 
cells is not routine. Office Action at page 7. I disagree with the Office Action. In my opinion, 
ex vivo culture of umbilical cord blood cells is not required to permit those of skill to transplant 
umbilical cord cells into a patient infected with HIV. Umbilical cord blood transplants are 
typically performed using uncultured umbilical cord blood cells and modification is not required 
to practice the claimed methods. Thousands of cord blood transplants have been performed and 
the methodology is standardized. 

1 0. Citing Grewel et al, the Office Action asserts that the a minimum 
threshold of 1.5 X 10 7 nucleated cells/kg or 1.7 X10 5 CD34 cells/kg is necessary for a successful 
cord blood transplant. The Office Action also asserts that the specification fails to provide a 
nexus between transplanting any dose of nucleated or CD34 positive cells to treatment of HIV 
infection. Office Action at pages 7-8. I disagree, the specification discloses that standard 
methods are used to transplant therapeutic stem cells expressing a beneficial gene. Specification 
at paragraph 66. As umbilical cord transplants have been performed since 1988, standard 
methods of cord blood transplantation are well-known and are disclosed in textbooks, such as He 
Broxmeyer and FO Smith, Chapter 43 Cord Blood Hematopoietic Cell Transplantation, in KG 
Blume, SJ Forman, and FR Appelbaum (eds), Thomas' Hematopoietic Cell Transplantation, 3 rd 
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Edition, Blackwell Publishing Ltd, Oxford UK, 2004. Therefore, based on information in the 
specification and the art at the time of filing, those of skill would be able to perform the claimed 
methods with, at most, routine experimentation. 

1 1 . The specification discloses transplantation of CCR5 homozygous 
mutations to treat HIV infection, at e.g., paragraphs 23, 71, and 75-79. A recent report from 
HUtter et al. (submitted as Exhibit H) confirms the therapeutic benefit of transplantation of 
CCR5 homozygous mutations to treat HIV infection. Hotter et al. report on a bone marrow 
transplant performed to treat acute myeloid leukemia in a patient infected with HTV-1 . The 
treating physicians selected a donor with a homozygous CCR5A32 mutation and HLA markers 
that matched the recipient. After standard transplantation procedures, elimination of recipient's 
immune cells and transplantation of stem cells, the presence of HIV virus (RNA and DNA) was 
monitored by PCR. Anti-retroviral therapy was stopped on the day of the transplant and was not 
restarted during this study. HIV could not be detected by PCR sixty-eight days after transplant. 
The PCR assay remained negative 285 days after the transplant, indicating that the HIV infection 
was controlled off anti-retroviral therapy. In addition, using the PCR assays, HTV was not 
detected in bone marrow or rectal mucosa, which are reservoirs of the HIV virus. The switch to 
the homozygous CCR5A32 genotype was not associated with an increased risk during the 
transplant procedure. Transplantation and engraftment were unremarkable. Engraftment 
occurred on day 13 after transplant and chimerism was complete by day 60. It is general 
knowledge that diseases successfully treated by use of adult bone marrow transplant have also, 
when tested, been treated successfully by cord blood transplant. See, e.g., Broxmeyer & Smith, 
supra. Therefore, in my opinion, cord blood transplantation of homozygous CCR5 mutant cells 
to treat HTV infection will provide results similar to those reported by Hutter et al for bone 
marrow transplantation to treat HTV infection.. 

12. Citing Grewel et al. the Office Action asserts that inadequate guidance is 
provided to allow those of skill to determine the correct cell dose for HLA matched or 
unmatched transplants. Office Action at page 8. I strongly disagree with the Office Action. 
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Methods of transplantation of unmatched cord blood donor/recipient pairs are well-known in the 
art. In my opinion, standardized unmatched transplantation methods are well-established and 
modification of these methods of transplantation is not required to use umbilical cord blood 
transplantation to treat HIV-1 infections. 

1 3. The Office Action alleges that chronic infection with HTV-1 will not be 
overcome by replacement of the immune system with cells that are CCR5 homozygous mutants. 
The Office Action asserts that, e.g. , HIV infects and destroys CD4 T cells, which are the cells 
best equipped to inactivate the virus; HIV produces a large number of progeny each day; and the 
mutation rate of HIV makes it likely that the virus would mutate and evolve to adapt around the 
transplanted immune system. Office Action at pages 8, 1 1, and 16. I disagree with the 
conclusion of the Office Action. First, in order to replicate and mutate, the HIV virus must enter 
a cell. Because of the inactivation of the CCR5 co-receptor, an HIV virus that requires CCR5 for 
cell entry will not be able to enter the transplanted immune system cells. As occurs in allogeneic 
blood stem cell transplantation, most cells of the patient's own immune system are killed by 
chemotherapy or total body irradiation before the transplant takes place. Any remaining patient 
immune cells are killed by the transplanted immune system in a graft versus host disease 
response. Therefore, in my opinion, the efficacy of HTV treatment with transplantation of 
CCR5-/- cells will not be diminished by HIV re-infection after transplant. Moreover, my opinion 
is confirmed by the results of Htttter et al, discussed above. For example, Hurler et al. were not 
able to detect HIV-1 load in, e.g., rectal mucosa, typically thought of as a reservoir for HIV 
virus. 

14. Citing O'Brien et al. and Flores-Villanueva et al., the Office Action 
alleges that certain HLA genotypes affect HIV progression and this must be understood for those 
of skill to practice the claimed invention. For example, the Office Action alleges that carriers of 
certain HLA alleles, HLA-B*35,-Cw*04, develop AIDS more rapidly. I disagree. In my 
opinion, the Office Action conflates two separate systems: the HLA system and progression to 
AIDS after infection by the HTV virus and engages in a "true, true, but unrelated" type of logic. 
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The cited references do not provide any link between HLA system and progression to AIDS after 
infection with HTV virus. None of the HLA alleles referred to in the Office Action are 
demonstrated to have a causal relationship with the onset of AIDS after infection by HIV. 
Therefore, no proposed link between HLA genotype and HIV progression must be understood to 
allow a physician to practice the claimed methods. There is no reason that the effect of HLA 
genotypes on HIV progression must be understood a priori since in this situation CCR5-/- 
chimerism in the recipient is the active effect, not HLA type, which will control HIV infection. 

15. Citing Coulombel et al, the Office Action alleges that hematopoietic stem 
cells (HSC) encompass various cell types, that a particular marker is not sufficient to uniquely 
identify a population of HSC's, and that more characterization of the type of hematopoietic cell 
population is required to teach how to practice the invention. Office Action at page 10. I 
disagree. It is my experience that transplantation of umbilical cord cells does not require 
identification or isolation of a particular subset of hematopoietic stem cells to provide a 
therapeutic benefit. Quiet the contrary, similar to use of cord blood transplant for treating other 
diseases, the robustness of the system is based on the fact that no identification of a particular 
subset of hematopoietic stem cells is required to achieve treatment of HTV infection by 
transplantation of umbilical cord cells. 

16. Citing Chao et al, Ballen et al, and Saavedra et al, the Office Action lists 
alleged problems with cord blood transplants in comparison to bone marrow transplants, e.g., 
cord blood transplant results in transplantation of fewer adoptively transferred antigen-specific 
T-cells, the transplanted T cells allegedly have functional defects, and infections are a problem 
during and after cord blood transplant. Office Action at pages 10 and 11. I disagree. Any 
differences between cord blood transplant and bone marrow transplant will not affect the ability 
to treat HIV infection by transplantation of umbilical cord cells isolated from a donor with CCR5 
homozygous mutation. This is because there are supportive measures, primarily blood products 
and antibiotics, which are used to control infections after transplantation. Compared to bone 
marrow transplants, umbilical cord transplants have a delayed time to engraftment. However, 
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engraftment of the new immune cells does occur after umbilical cord transplant and this result 
has been repeated in tens of thousands of patients. In my opinion, even with a delayed 
engraftment time as compared to bone marrow transplant, umbilical cord transplantation will 
result in engraftment of a new CCR5 mutant homozygous immune system and treatment of HIV 
in an appropriate patient. 

1 7. The Office Action alleges that it is unclear how a mutation in the CCR5 
gene would provide treatment of HIV generally, because use of the CCR5 co-receptor is 
allegedly crucial only during certain infection stages. Office Action at page 12. I disagree. As 
discussed in more detail in paragraphs 7 and 8 of this declaration, the CCR5 co-receptor is used 
for cell entry by the majority of HIV strains and infection of a CCR5-/- individual by a CXCR4 
HIV strain is a rare event and typically results in decreased viremia and increased time to 
development of AIDS. 

1 8. The Office Action alleges that animal models are required to establish an 
appropriate cell dose and to investigate effect of alleged cord blood transplant deficiencies. 
Office Action at page 13. The Office Action also alleges that empirical testing in an animal 
model is required to determine whether T cells could be repopulated after transplant to replace T 
cells that are lost during HIV infection, particularly since HIV affects multiple organ systems, 
including respiratory, gastrointestinal, and central nervous system. I disagree. The claimed 
method is based on replacement of the patient's immune system with a source of hematopoietic 
stem cells derived from a donor, i.e. t umbilical cord cells. The dose of transplanted cord blood 
cells is based on the weight of the recipient patient, /.e., number of cells/kg weight. The dose 
does not vary greatly because the size of human beings does not vary greatly. Exponential 
differences in the weight of human individuals have not been observed. The number of stem 
cells in a cord blood units from different donors also does not vary widely. A typical dose of 
transplanted cord blood cells to repopulate an immune system is one, or at most two, cord blood 
units. Standard cord blood transplantation methods can be used to determine the appropriate 
number of cells or cord blood units to transplant into a particular patient. Typically, the choice is 
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one or two cord blood units. Moreover, even when protocols for cord blood transplantation are 
optimized, varied conditions are tested in human patients. Generally speaking, animal models 
are not helpful or required to determine optimal conditions for cord blood transplantation into 
humans, including optimal doses or number of transplanted cells. Therefore, in my opinion, 
testing in an animal model is not required to establish the dosage of umbilical cord cells used to 
treat a human patient infected with HIV. 
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1 9. In view of the foregoing, it is my scientific opinion that one of skill in the 
art would be able to practice the claimed invention with, at most, routine experimentation. The 
specification, therefore, fully enables the methods of the invention. 
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1982-1987 Clinical Associate Professor of Pediatrics, University of Southern California/L.A. County Medical 
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1 987-Present Professor, Department of Pediatrics, City of Hope National Medical Center, Duarte, CA 
1991-2000 Chairman, Gene Therapy Advisory Committee, City of Hope National Medical Center, Duarte, CA 
1 99 1 - 1 994 IRB Institutional Official for City of Hope National Medical Center, Duarte, C A 
1991-1994 Member, Scientific and Medical Affairs Committee, City of Hope National Medical Center, Duarte, 
CA 

1995-2005 Chairman, IRB, City of Hope National Medical Center, Duarte, CA 
2005-Present Associate Chair, IRB, City of Hope National Medical Center, Duarte, CA 

1998- Present Director, General Clinical Research Center of the University of Southern California School of 

Medicine, City of Hope Satellite Unit 

1999- Present Chairman, Division of Virology, Beckman Research Institute of the City of Hope National Medical 

Center, Duarte, CA 
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1977 Young Investigator Award, National Institute of Allergy and Infectious Disease (1977) 

1987-95 Director, National Cooperative Drug Discovery Group for AIDS at City of Hope National Medical 
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CURRENT GRANT SUPPORT: 

1. NTH 5 MOl RR00043-38 12/01/02 - 11/30/10 
Title: General Clinical Research Center GCRC 

This facility would also foster ongoing collaborative research and will allow access for all GCRC 
investigators to highly specialized technological resources available at COH, such as cell separation methods 
required for stem cell transplantation, phase I and II, chemotherapy studies, and CGMP facilities for gene 
transfer studies. 

2. Mil P01 AI061839 (Zaia) 08/01/04 - 07/31/08 
Title: Lentivirus-Based Immunotherapy of Aids 

This Integrated Pre-Clinical/Clinical Program (JPCP) from Beckman Research Institute at City of Hope 
(BRICOH) proposes to develop improved methods for genetic treatment of HIV-1 using antiviral RNA. For 
a gene-transfer approach to become clinically useful, progress in the field requires safe and efficient vectors, 
a method for selection of transduced cells, and a clinical strategy for evaluating new gene-transfer methods. 
The proposal includes a phase I trial to establish safety and feasibility of a lentivirus vector during T cell 
immunotherapy in patients who have failed anti-retroviral therapy. The safety and feasibility of T cell 
protection strategies will be developed in 3 projects involving new anti-HIV RNAi, development of T cell 
selection from stem cells, and feasibility and safety demonstration in non-human primates. Based on these 
results, the phase I trial will be expanded to study the safety of the next improved RNAi vector. 

3. R01 AI058148 (Zaia) 07/01/04 - 06/30/08 

Title: Evaluating New Targets of CMV Cellular Immunity 

This application examines the immune response to human cytomegalovirus (CMV) with a focus on tine 
epitope characterization of the cellular immune response (CMI) after hematopoietic cell transplantation 
(HCT). The aims of the study are 1) to reassess the kinetics of the immune response to CMV-pp65 and to 
CMV-IE1 in all HLA allotypes using pools of overlapping peptides during immune reconstitution after HCT, 
2) using HLA-A*0201 mouse models, to define CD8 epitopes to selected other CMV proteins relevant to 
immune reconstitution, and 3) to evaluate the immune response to these peptide epitopes in HLA A*0201 
HCT recipients and normal subjects. 

4. R01 CA077544 (Diamond) 04/01/04 - 03/31/09 

Title: Lipopeptide Vaccine To Prevent Hcmv Infection After BMT 

A complication of the recovery phase after BMT is cytomegalovirus (HCMV) infection. Therapy using 
gancyclovir prophylaxis has decreased the mortality from HCMV infection in allogeneic BMT recipients. 
However side-effects which include delayed immune reconstitution limit its effectiveness m reducing overall 
mortality from BMT. Studies from several laboratories have indicated that control of CMV infection in BMT 
recipients is dependent on a strong cytotoxic T lymphocyte (CTL) response which is targeted mainly against 
the viral matrix protein PP 65, and to a lesser degree against p P 150. An adoptive immunotherapy strategy 
using CTL has proved successful but is impractical for general use in BMT centers. We will develop an 
alternative strategy that uses small peptide fragments from the CTL viral target proteins p P 65 and p P 150 m 
the form of a vaccine as a means to simulate CTL in vivo. 
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